Background/Aims: Although flexible spectral imaging color enhancement (FICE) can facilitate the diagnosis of minimal change esophageal reflux disease (MERD), the complicated diagnostic criteria cause suboptimal inter-observer agreement. Confocal laser endomicroscopy (CLE) yields good diagnostic results but its inter-observer agreement has never been explored. This study compares the diagnostic value of magnifying FICE and probe-based CLE (pCLE) for MERD and evaluates the inter-observer agreement of both techniques. Methods: Thirty-six patients with suspected MERD and 18 asymptomatic controls were recruited. Magnifying FICE was used for evaluation of distal esophagus. pCLE counted the number of intrapapillary capillary loops (IPCLs) using more than five IPCLs in 500×500 micron area as a criterion for MERD diagnosis. The validity scores and interobserever agreement of both FICE and pCLE were assessed. Results: For FICE vs. pCLE, the accuracy was 79% vs. 87%, sensitivity 94% vs. 97%, specificity 50% vs. 66%, positive predictive value 79% vs. 85%, and negative predictive value 82% vs. 92%. Interobserver agreement of FICE was fair to substantial, whereas pCLE had substantial to almost perfect agreement. Conclusions: Both FICE and pCLE have good operating characteristics and can facilitate the MERD diagnosis. However, among different observers, pCLE is more consistent on MERD diagnosis. (Korean J Gastroenterol 2016;68:29-35) 
INTRODUCTION
The prevalence of gastroesophageal reflux disease (GERD) has been increasing across the globe 1 
including
Asia. 2 GERD is usually diagnosed either by the presence of reflux-associated symptoms 3 or esophagogastroduodenoscopy (EGD), demonstrating the presence of mucosal break at the distal esophagus (so called "erosive esophagitis"). 4 More importantly, erosive esophagitis is not only the criterion for GERD diagnosis but is also a good predictor for response to treatment with proton-pump inhibitors (PPIs). 5 Acid exposure can lead to typical GERD symtoms if the epithelium has pre-existing damage. 6 Unfortunately, conventional or white light endoscopy (WLE) fails to detect abnormalities of esophageal mucosa in more than half of symptomatic GERD patients 7 and these patients are categorized as "non-erosive reflux disease (NERD)". 3 Despite negative WLE findings, symptomatic GERD patients may have subtle changes of the esophageal mucosa.
These patients can be categorized as minimal change esophageal reflux disease (MERD). The EGD findings with MERD vary in reading, including whitish or reddish turbidity, edematous change, villiform mucosa, or increased vascularity at the squamo-columnar junction. 8, 9 Japanese researchers mod-
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The Korean Journal of Gastroenterology ifed the Los Angeles classification system of GERD by adding minimal changes of the mucosa such as reddish and/or whitish turbidity and categorized it as minimal erosive reflux disease (grade M; MERD). 10 However, the concept of MERD has not become widely accepted because of its poor inter-observer agreement on MERD reading by conventional WLE. 9, 11 Recent evidence suggests that NERD patients can be subcategorized to MERD and functional heartburn although magnifying endoscopy is needed for this subcategorization. 
2) Control group
The control group consisted of patients who did not have any reflux symptoms (GerdQ=0) and were scheduled for EGD examination as part of EGD/colonoscopy for gastrointestinal cancer screening at our institution .
The research protocol was approved by the Faculty of Medicine, Chulalongkorn University Ethical Committee under ClinicalTrial.gov (NCT02336100). Informed consent was given by all patients.
Study design
This study was a single-centre, nonrandomised, cross-sectional trial on the discrimination performance of FICE and pCLE for MERD diagnosis. FICE was performed first, followed by pCLE to examine the esophagus. Inter-observer agreement of both FICE and pCLE were also assessed. positive FICE were adopted from our previous study 18 : A) triangular indentation, B) punctuate erythema, C) villiform mucosa, and D) increased number of IPCLs ( Fig. 1 ).
At the same session, the Cellvizio gastroflex (Mauna Kea Technology, Paris, France) was applied to evaluate the number of IPCLs by using more than 5/ 500×500 microns (four sets of pCLE view) as a criterion for MERD diagnosis (Fig. 2 ). 
Statistical analysis
The baseline descriptive data were analysed and reported 
RESULTS
There were 42 patients diagnosed with GERD and another 18 diagnosed with non-GERD by GerdQ questionaire in the present study. Of those 42 GERD patients, six patients were excluded because reflux esophagitis (Los Angeles classification grade A or B) was diagnosed by WLE. Therefore, only 36 GERD patients were left for the final evaluation (Fig. 3) .
The majority of patients in this study were female (72.2% in the GERD group and 66.7% in the control group). The mean age was 53 years in the GERD and 55 in the control group.
Other baseline characteristics including height, body weight, BMI, percent of alcohol consumption and smoking, and duration of upright position after meals were not different between groups (Table 1 ). In the GerdQ positive group, the mean duration of GERD symptoms was 17±14.2 months.
Eighty-nine percent had moderate to severe symptoms disturbing daily life activity. The average total GerdQ score was 11.67±1.88. Values are presented as n only, mean±standard error (SE), or median (range). MERD, minimal change esophageal reflux disease; NERD, nonerosive reflux disease; pCLE, probe-based confocal laser endomicroscopy; IPCLs, intrapapillary capillary loops. Pathology showed a good specificity (88%) and PPV (84%) for diagnosing MERD but a poor sensitivity and NPV (less than 50%) (Table 3 ).
pCLE and FICE revealed an excellent sensitivity (＞90%)
for MERD diagnosis. However, other validity scores for FICE tended to be lower than pCLE in off-line diagnosis. Moreover, the results of the off-line pCLE interpretation were not different from real-time reading (Table 4 ).
The inter-observer agreement for MERD diagnosis by FICE was fair to substantial ( 0.29-0.62) whereas pCLE provided substantial to almost perfect level ( 0.75-0.96). For pCLE training, all beginners could achieve more than 80% in reading accuracy within the first round of test and they were able to maintain excellent reading skill (＞80%) in the three following sessions. The diagnosis of MERD by trainees with FICE was suboptimal and inconsistent (the accuracy varied from 71% to 88%) ( Table 5 ).
DISCUSSION
To our knowledge, this is the first study comparing FICE and pCLE as the tools to enhance the diagnostic yield of MERD. Our study demonstrated the benefit of both techniques for MERD diagnosis with high validity scores, but pCLE technique was proven to be much easier as the learning curve was short with almost perfect agreement by the beginners.
In addition, the real-time and off-line pCLE diagnosis was the same, which represent the consistency of pCLE reading.
Moreover, pCLE technique is simple as it does not need a red-flag technique to target the lesion first, and the probe can be directly applied onto the distal esophagus because MERD
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The present study showed excellent sensitivity of both FICE (94%) and pCLE (97%) for MERD diagnosis. Moreover, pCLE provided good accuracy (87%) whereas FICE showed acceptable accuracy (79%) for MERD diagnosis. Although the specificity of FICE alone is close to flipping a coin, by adding pCLE the specificity increased to 66%, and this could help us selecting the proper treatment in the two thirds of patients with reflux symptoms who truly have MERD. Theoretically, confirmed MERD patients respond to PPIs better than NERD and functional heartburn patients. 6, 8 Unfortunately, the poor inter-observer agreement by FICE criteria in the present study reminds us about the requirement of systematic training with enough experience before these endoscopists could perform this IEE to diagnose MERD adopting these FICE criteria.
These results emphasize that pCLE is more practical for clinical practice, especially for the beginner.
In our experience, the dilated intercellular space criterion is subjective and may be very difficult to evaluate in clinical practice. In contrast, a criterion using an increase in the number of IPCLs seems more promising because it is simple, very accurate, and easy to learn, as we demonstrated in our training evaluation. All of our beginners could achieve more than 80% in reading accuracy within the first round of test and their reading skills were consistently high in those three
sessions. In addition, we demonstrated that the beginners could achieve the substantial level of inter-observer agreement after a short session of training. Although the increase in IPCLs number could also be observed in dysplastic epithelium, 20 fortunately this is not considered a factor because almost all targeted patients for MERD diagnosis are at low risk to develop esophageal neoplasm.
The current study has certain limitations. Firstly, the sample size was small, as the number was not enough to demonstrate a significant difference between pCLE and FICE in MERD diagnosis. However, this is the initial study in MERD diagnosis by pCLE. Secondly, FICE has lower market share than NBI or i-scan. However, FICE is an IEE that many endoscopists use in their daily practice, and the image quality from FICE is comparable to NBI. 21 Thirdly, we did not cross the patients over between the two methods, because it was impossible to do a crossover in this setting as pCLE technique requires direct contact by pCLE probe, and the minute injury to the esophageal mucosa by the probe could alter FICE reading on the esophageal mucosa. Therefore, pCLE had to come later in our study sequence. Fourthly, the endoscopist was not blinded to the result of GerdQ. However, we demonstrated that the off-line interpretation by the experienced endoscopist who was blinded to the GerdQ reults was not different from the real-time readings by the performing endoscopist.
Fifthly, although GERD treatment is usually guided by patients' GERD-consistent symptoms, not by endoscopic findings, the correct diagnosis by endoscopy may predict PPI response and guide long-term management. Finally, the present study was not designed to evaluate the cost-effectiveness of pCLE to diagnose MERD. Currently, the pCLE probe is considered non-reimbursable item in our country and used only for research. Therefore, the implication of this modality requires further evaluation in a larger scale of population that includes cost-effectiveness analysis. However, the only limitation is cost, whereas the pCLE procedure is easy to perform with a short learning curve, and has substantial to almost perfect inter-observer agreement. Moreover, the new generation of pCLE, which is less expensive than the present model, has been developed. 22 FICE and pCLE are both useful for MERD diagnosis but pCLE is superior in providing a higher level of interobserever agreement and easy reading by novice endoscopists. This implies the more practical use of pCLE over FICE, although the cost-effectiveness of this approach needs a further confirmation study.
